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FOREWORD

This document was prepared by General Dynamics/Convair (Report No.
GDC-64-026) for the Electronic Systems Division, Air Force Systems Command,
United States Air Force. It is the final report under Contract AF19(628)-3275.



ABSTRACT

This document covers the analysis and design of CBR protection for AN/TSQ-47
system shelters. Standard CBR protection components were selected based on
Category A protection requirements and a shelter system analysis. The E46R7
filter unit, Q-38 protective entrance (short), and E31 anti-backdraft valve, each
with minor modifications, are the recommended CBR protection components.

In addition, a booster blower unit is required in the shelter recirculation system
to reduce shelter pressure. Components are sized based on assumed leakage
and pressure drop characteristics. The values assumed are considered to be
within 10% of actual values. Tests are defined to verify the assumptions if veri-

fication is considered necessary.

REVIEW AND APPROVAL

This technical documentary report TDR-64-230 has been reviewed and
is approved.
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HERBERT M. KNIGHT
Technical Contract Monitor
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SECTION 1 INTRODUCTION

An investigation was initiated on 1 July 1963 under Air Force Contract AF19(628)-
3275 to determine the type of CBR equipment required for the protection of the
various AN/TSQ-47 system shelters. This report contains the results of the
investigative effort from 1 July 1963 through 31 January 1964.

The AN/TSQ-47 System is an air-transportable Air Traffic Control System

consisting of the following personnel and equipment shelters:

a. AN/TPS-35 Search Radar.

b. AN/TPN-14 Final Approach Radar.

c. AN/TSQ-5RAP CON.

d. AN/TSW-6 Tower.

e. AN/TSC-23 Long Range Communications.
f. AN/TRN-17 TACAN.

One or more 3-ton air conditioners control the environment of each shelter
and one or more gas-turbine 400-cycle power generator units supply the electrical
power for the air conditioners and shelter equipment. The over-all AN/TSQ-47

system is in the preproduction stage of development.

CBR protection equipment is equipment that prevents the infiltration of
chemical, bacteriological and radiological warfare agents into an area occupied

by personnel and equipment.
The investigation included tte following:

a. A review of literature pertaining to CBR protection techniques.



b. Trips to U.S. Army Chemical Center at Edgewood, Maryland, shelter

and equipment manufacturers, and the contractor to obtain background

information.
c. A pressure and temperature analysis of each shelter system.
d. Preliminary design of CBR protection equipment required.

Although not required, a progress report (Reference 1) was prepared to
facilitate discussion of conclusions reached with the contractor approximately

midway through the investigation.



SECTION 2 SUMMARY

Category A CBR protection is required for AN/TSQ-47 system shelters. Cate-
gory A protection as applied to shelters requires for each shelter a CBR filter
unit, shelter system pressurization, a protective entrance, an anti-backdraft
valve, and remote controls for these components. Standard Chemical Corps
components were investigated and found with capacities in the range required.
Each of the six AN/TSQ-47 system shelters was analyzed to determine the per-
formance requirements of CBR protection components. The analysis results
show that when the shelter system is pressurized a booster blower is required
in the shelter recirculation system to reduce shelter static pressure to where
door loads are acceptable for ease of entrance. A booster blower unit has been

designed to meet the requirements shown by the analysis.

CBR protection components selected for the AN/TSQ-47 system shelters are:

a. E46R7 Filter Unit.
b. Q-38 Protective Entrance (short).
c. E31 Anti-Backdraft Valve.

Each of these components will require some modification, as described in
Paragraph 6.3. Procurement descriptions and drawings for these units can be
obtained from the Chemical Corps. Shelter modifications will be required, as
described in Paragraph 6.4, to accept the protection components, the booster
blower unit and a control panel. Detailed modification designs could not be made
because final shelter drawings were not available. Booster blower and CBR filter
unit performance requirements are based on assumed values for shelter and air
conditioner leakage, and shelter recirculating airflow pressure drop. Assumptions
are considered to be within 107% of actual. However, tests are defined in Para-

graph 6. 2 to verify the assumptions if verification is considered necessary.







SECTION 3 CBR PROTECTION REQUIREMENTS

3.1 CATEGORY OF PROTECTION

The Chemical Corps Board has established four categories of collective protec-
tion applicable to transport vehicles or vans (see Reference 2). These four

categories are listed and defined as follows:

Category A — CBR protection equal to the standard personnel gas masks
while eliminating the human element (time-to-mask, mask
fit, and danger of continuous exposure may be disregarded).

This Includes an air lock to allow shelter entrance or exit.

Category B — CBR protection equal to standard personnel gas masks

while eliminating the human element; no air lock.
Category C — Personnel gas mask only CBR protection.

Category D — Shelter space sealed from external infiltration and inert

as to ventilation.

CRDL personnel recommended that the AN/TSQ-47 system shelters nor-
mally occupied by personnel be provided Category A protection.

3.2 CATEGORY A REQUIREMENTS

Category A protection as applied to AN/TSQ-47 system shelters requires for

each shelter system the following:

a. A CBR filter unit (collective protector) to provide a source of filtered

air.



b. Shelter system pressurization to prevent contamination of recirculated

and/or make up air from the filter unit by leakage into the system.
c. A protective entrance to permit aseptic entry and exit from the shelters.

d. An anti-back draft valve to aid in maintaining shelter pressurization,

and adjust makeup flow to personnel ventilation requirements.

e. CBR unit pressure controls, coordinated with the shelter system, to
maintain pressurization and assure a contaminant-free atmosphere

throughout the entire system.
3.3 PROTECTION PERIOD

It is not feasible to assume complete personnel isolation within enclosures of the
AN/TSQ-47 system for extended periods. However, it is recommended that the
CBR unit be operated at all times during imminent as well as actual attack. This
means that the protection system must be set up and ready for use whenever the
AN/TSQ-47 system is operated in an area considered subject to attack. Since
early warning systems are not advanced to the state where they could be used
automatically to activate the protection system, manual actuation will be required,
preferably from within the shelter. For minimum actuation time, turning a switch

to ""on" should be all that is necessary to actuate the protection system.

Standard CBR filter units provide CBR protection equal to the standard
personnel gas mask. According to the gas-aerosol filter qualification tests,
this means that continuous protection will be provided for approximately 200
attacks at expected concentrations. Since 200 attacks within a 30-day period is
highly improbable, a CBR unit designed according to CRDL criteria should
readily meet the 30-day protection period specified for the AN/TSQ-47 system.



ny

SECTION 4 CANDIDATE CBR COMPONENTS

4.1 CBR FILTER UNITS

Standard CBR filter units must include a pre-filter, particulate filter, gas-
aerosol filter, and an integral blower unit. The particulate and gas filters may
be replaced subsequently with a combination unit now under development testing
at CRDL. The pre-filter ensures removal of relatively large particles, such as
dust, fallout material and debris — thus extending the life of the particulate
filter. The particulate filter must have a 99. 9% efficiency for particles of 0. 3-
micron size. Gas-aerosol filtration is accomplished by use of impregnated
activated coconut shell charcoal in beds of integrated fiber-bound layers (com-
bination unit). The integral blower unit must maintain system pressurization

as well as overcome the resistance of the filters.

Currently available CRDL-qualified CBR filter units are listed in Table I
along with the physical characteristics of each unit. Most of the Table I units
were designed for a specific shelter, vehicle or van, which means that some
modifications probably will be required to adapt a selected unit to the AN/TSQ-47

system shelters. When a new filter unit design has passed performance tests,

a Chemical Corps purchase description is prepared along with production drawings.

Considering that the CBR filter unit required for each shelter system in the
AN/TSQ-47 system must provide filtered air to a protective entrance as well as
the shelter system while maintaining pressurization, a CBR filter unit with rated
flow in the 200- to 400 cfm range is required. From Table I, the M6, E46R7,
and Missile Monitor CBR filter units have rated flows in the required range.
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The M6 unit does not meet the latest CBR unit requirements because it does not
include a particulate filter. Procurement descriptions and drawings for the
E46R7 and Missile Monitor filter units were obtained from the Chemical Corps
to facilitate the final unit selection.

Tables II and III list standard CRDL-approved gas filters and particulate
filters. A new CBR filter unit can be designed specifically for the AN/TSQ-47
shelter system using combinations of the filters in Tables IT and III. Barnebey-
Cheney also has particulate and gas-aerosol filters that have less pressure drop
than the equivalent CRDL-approved units. The Barnebey-Cheney filter units
would require testing to CRDL specifications. Figure 1 presents a schematic
of a standard CBR filter unit such as the selected Missile Monitor unit incorpo-

rated into the AN/TSQ-47 system.
4.2 PROTECTIVE ENTRANCE

A protective entrance essentially is an air lock to prevent the infiltration of
contaminated air when personnel are entering or leaving a shelter. Protectlve
entrance designs applicable to the AN/TSQ-47 system are collapsible and include
tubular and channel framing covered with impermeable butyl fabric or transparent
plastic containing zipper-flap vent holes and entrance. The protective entrance

may be attached to the shelter around the entrance door by a zipper-flaparrangement.

CBR filter unit air is fed to a plenum at the top or one side of the entrance
to maintain an internal static pressure slightly less than shelter pressure when
the entrance is closed. The side of the plenum facing the inside of the entrance
is made of permeable febric that uniformly distributes airflow over the cross
section of the entrance. Depending on the design, the air flows uniformly scross
or down the entrance to vent holes. Manually regulated vent holes are provided
to allow adjustment of the entrance pressure leakage characteristic to match the
pressure flow capacity of the CBR filter unit or to increase decontamination
purging when necessary. The force to open the zippered slot for personnel access

decreases as the aperture increases. A zippered slot also is provided for
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discarding contaminated clothing. All zippered or controllable openings contain

internal and external flap seals to prevent leakage when closed.

Both rectangular and cylindrical protective entrance designs are available.
Figure 2 shows the rectangular design, designated as Protective Entrance,
Missile Van, Collapsible, E25R1, described in Reference 3. Figure 3 shows the
cylindrical design described in Reference 4. Since the cylindrical design appeared
more adaptable to the AN/TSQ-47 system shelters, drawings were obtained from
the Chemical Corps.

4.3 ANTI-BACKDRAFT VALVE

An anti-backdraft valve is used as an exhaust for shelter ventilation air, to main-
taln a nearly constant shelter static pressure, and to prevent a reverse flow of
alr from the atmosphere should a pressure wave develop on the outside. Figure 4
shows an avallable valve, designated as valve, anti-backdraft, E31. The pressure
drop across this valve 1s regulated by positioning the counterweight on the arm
attached to the hinged valve damper. An air-type dashpot is included to prevent
damper oscillation. A purchase description and drawing was obtained for the

E31 anti-backdraft valve from the Chemical Corps.
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SECTION 5 SYSTEM INTEGRATION

5.1 SYSTEM DESCRIPTION

Figure 1 shows a schematic of a typical AN/TSQ-47 shelter system with the re-

quired CBR protection components. Included are identifying symbols for system

performance analysis. Primary shelter system components are:

a.

One or more air conditioners (depending on the total shelter heat load)
having a nominal cooling capacity of 35,000 BTU per hour and a heating
capacity of 18,400 BTU per hour.

Two, 20-ft. -long insulated flexible air ducts with a nominal diameter of

10 in. (per air conditioner).

One equipment and personnel shelter.

Primary CBR protection components to be sized and integrated with the shel-

ter system are:

a.

b.

CBR filter unit.
Protective entrance.

Two sections of insulated flexible ducting to supply filter unit air to air

conditioner and protective entrance.
A bypass valve to supply fresh air when CBR protection is not required.
An anti-backdraft valve.

A control panel to be installed in the shelter.
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5.1.1 AIR CONDITIONER — The air conditioner is an AlResearch 3-ton unit
designated No. 682910-1 for the AN/TSQ-47 communication system. It contains
an evaporator, a hermetically sealed compressor, a condenser (with an integral
receiver), an evaporator fan, two condenser fans, a refrigerant constant-pressure
expansion valve, a refrigerant hot-gas bypass control valve (used to control the
cooling capacity), a refrigerant sight gage, an air filter, a thermostat, a fresh
alr damper, and miscellaneous system control components. The air conditioner,
when used to heat or cool and dehumidify the atmosphere of an enclosure, is
normally externally connected to the enclosure by means of two flexible ducts.

In operation, conditioned air is continuously circulated through the enclosure by
the evaporator fan of the air conditioner. Ambient (fresh or CBR filter unit) air
can be mixed with the recirculated air to provide ventilation for the occupants of
the enclosure, if desired. Air conditioner cooling capacity is controlled in re-
sponse to the enclosure return air temperature at the inlet to the air conditioner.
A thermal bulb, sensing return air temperature, operates an adjustable therm-
stat located on the air conditioner control panel. The thermostat controls cooling
capacity by cycling the compressor hot-gas bypass valve open and closed, and
heating capacity by cycling the heaters off and on in response to the temperature
set at the air conditioner return air inlet. A dial knob on the thermostat allows

selection of control temperatures between 60°F and 90° F.

The recirculated airflow delivered by the air conditioner is affected by the
pressure drop of the air distribution system external to the air conditioner. The
air distribution system includes the flexible ducting and the shelter. Air condi-
tioner cooling capacity, in turn, is affected by the recirculated airflow. Recir-
culated airflows versus corrected air distribution pressure losses calculated in
Table IV based on Reference 5 data are shown in Figure 5 and recirculated air-
flow versus cooling capacity is shown in Figure 6. These figures show that as
air distribution system pressure losses increase, recirculated airflow and cooling
capacity will decrease. Reference 5 contains a more detailed description of the

alr conditioner. The Figure 6 curve was plotted from Reference 5 data.
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Air conditioner leakage was assumed equal to 40 cfm when the static pressure
at the inlet to the recirculating fan is equal to 0.3 in. of water gage for the shelter
system analysis. This assumption is based on the leakage characteristics shown

in Reference 3 for a 5-ton air conditioner.

5.1.2 SHELTER — In general, the recirculating airflow path through each of the
six AN/TSQ-47 system shelters is from inlet to shelter space, from shelter space
through electrical or electronic equipment into an outlet plenum, and out through
the outlet port. In passing through the shelter space, the recirculated airflow
will pick up heat from personnel and shelter wall infiltration. Although some of
the equipment dissipates heat to the shelter space, the total equipment heat load
has been assumed absorbed by the air after it passes through the shelter space.
Table V shows, for each of the six shelters, the electrical and personnel heat
loads along with the number of air conditioners required. The shelters requiring
two air conditioners have two recirculating air inlets and outlets, so that the air

conditioners and ducting (four ducts) are in parallel up to the shelter.

Shelter leakage is assumed equal to 25 ¢cfm when shelter static pressure is
equal to one inch of water gage for the shelter analysis. This assumption is
based on an inspection of the shelters. Pressure drop from the shelter recircu-
lating air inlet to outlet is assumed equal to one inch of water with a recirculating
airflow of 110 1b. /min. through the one-air-conditioner shelters and 220 1b. /min.
through the two-air-conditioner shelters. This assumption is based on an

AiResearch estimate.

5.1.3 INSULATED FLEXIBLE DUCTING — Pressure loss characteristics of
the 20-ft. sections of 10~in. nominal diameter insulated flexible ducting are
calculated in Table VI and plotted in Figure 7 based on information from Mr.
Ken Kummerlow of AiResearch, Phoenix, Arizona that the latest ducting has
70% of the pressure drop quoted in Reference 5. The over-all heat transmission
coefficient of the ducting shown in Table VI is calculated in the Appendix, based

on information from ESD,
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Figure 7. Ducting Pressure Drop Characteristics

5.2 SHELTER SYSTEM OPERATION

5.2.1 WITHOUT CBR PROTECTION — With a typical shelter system connected
as shown in Figure 1, shelter personnel can select heating, cooling, or ven-
tilation (air recirculation by evaporator fan only) to condition the shelter environ-
ment by actuating the desired switch on the air conditioner control panel and
adjusting the thermostat to the desired temperature. When heating, cooling or
ventilation is selected the evaporator fan recirculates air from the air conditioner
to the shelter and back to the air conditioner via the flexible ducts. When the
cooling switch is on and the inlet temperature to the air conditioner is above the
thermostat setting, the air conditioner refrigeration unit is on and the evaporator
removes heat from the recirculating air. When the heating switch is on and the
inlet temperature to the air conditioner is below the thermostat setting, the elec-
trical heaters in the air conditioner are on and heat is added to the recirculating

air. In other words, heat is pumped by the recirculating air system either from
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the shelter and ducting to the air conditioner or from the air conditioner to the
ducting and shelter. The air conditioner dumps removed heat to the atmosphere

via the refrigeration unit and adds heat via the electrical heaters.

Without CBR protection, the shelter pressure with the recirculation system
on is at or slightly above the outside ambient pressure depending on the flow
through the port in the shelter door. With the shelter at ambient pressure, the
pressure at the inlet to the air conditioner will be below outside ambient due to
the pressure drop of the return air duct. Also, the air conditioner inlet pressure
must be below ambient before fresh or makeup air will enter the recirculation
system. In turn, the pressure at the inlet to the evaporator or recirculating
fan will be lower than the inlet to the air conditioner due to the pressure drop of
the filter, evaporator and coiled heaters. Then, since the recirculating fan must
overcome all the pressure losses in the recirculating airflow system, the recir-

culating fan inlet pressure is the minimum pressure in the recirculating system.

When the cooling load in a particular shelter exceeds air conditioner capa-
city, two air conditioners are connected inparallel tothat shelter. The two air
conditioner shelters will contain two inlet and two outlet ports, so that flexible

ducting is connected from each air conditioner to the shelter.

5.2.2 WITH CBR PROTECTION — With CBR protection components connected
to the typical shelter system as shown in Figure 1 and not activated, the shelter
system will operate as described in Paragraph 5.2.1. When the CBR protection
components are activated by a switch in the shelter, the fesh air bypass valve is
closed and CBR filter unit blower is turned on. The CBR filter unit blower will
deliver filtered air to the recirculation system and protective entrance with a
pressure rise that will maintain system pressurization. The dampers are either
manually or automatically adjusted so that the minimum pressure in the recircu-
lation system is maintained at 0.3 in. of water gage, and a pressure slightly less
than shelter pressure is maintained in the protective entrance. The quantity of

filter air supplied to the recirculation system will be equal to either leakage
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flow or personnel ventilation needs whichever is greater. When recirculation
sytem leakage is less than ventilation requirements, the anti-backdraft valve is
adjusted to maintain the required ventilation flow. Exhaust ports in the protective
entrance are adjusted so that pressurization is maintained with the required purge
flow. When the protective entrance door slot is opened, the entrance pressure
will approach outside pressure and filter unit flow to the entrance will increase.
Opening the shelter door with the protective entrance door closed (neither door
should be opened simultaneously) will cause a surge of shelter air to the lower
pressure entrance, and shelter pressure will approach entrance pressure. How-
ever, when shelter pressure drops, the anti-backdraft valve closes, the resistance
of the recirculation system to filter unit flow also drops, and filter unit flow to
the recirculation system increases. The surge of air to the protective entrance

will increase the pressure and entrance resistance to filter unit flow, lowering

the flow.

With automatic damper control, pressure sensors automatically control the
dampers to maintain the desired pressures. Automatic damper control has the
advantage of compensating for pressure buildup in the filters with operating
time. With manual damper controls, an operating test must be made manually
to adjust the dampers and assure that with entering and exiting personnel system
pressurization will be maintained. A shelter pressure in the 0.5 to 1 in. of

water gage range is desirable.
5.3 DESIGN REQUIREMENTS

CBR protection for any system ideally should be designed and developed con-
currently with that system. With concurrent design and development, advanced
CBR protection techniques can be integrated with system components to provide
multipurpose collective protection. Since AN/TSQ-47 shelter system components
already have been designed, advanced multipurpose CBR protection techniques
can not be used. The objective, then, is to determine performance requirements
of CBR protection components for the AN/TSQ-47 shelter systems and select

standard components that meet the requirements.
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CBR protection components, when added to a typical AN/TSQ-47 shelter
system, will affect shelter system performance. Shelter system performance,
in turn, dictates the capacity of the CBR filter unit. Shelter system pressuri-
ation must be maintained by the CBR unit. The flow required from the unit will
be dependent upon either system leakages or personnel ventilation requirements,
whichever are greater. Primary leakages will be from the air conditioner and
the shelter. The leakage rate of these units is not known at present. Minimum
pressure in the recirculation system will be at the air condioner recirculation
blower inlet. For convenience, air conditioner leakage should be referenced to
the pressure at the blower inlet. Shelter leakage will vary with shelter pressure
which 1s dependent on the recirculating airflow rate. The alrflow delivered by
the air conditioner blower decreases as system pressure losses increase. The
recirculation system pressure losses, excluding the air conditioner, are the
result of flow losses through the flexible ducting, shelter and shelter components.
Shelter pressure thus will be equal to 0.3 in. HZO (recirculating blower inlet
pressure), plus the system pressure loss from the shelter interlor to the blower

inlet at the recirculation airflow rate commensurate with such losses.

CBR filter unit total flow capacity must be equal to recirculation system
leakages (assuming they are greater than personnel ventilation requirements),
plus the protective entrance airflow requirement. The CBR unit blower must
deliver the total flow at a pressure sufficient to maintain shelter and entrance
pressurization. Blower power increases with flow and the pressure rise from
inlet to outlet. Total blower input power will increase the temperature of the
filter unit air because, as shown by Figure 1, the blower motor normally is
mounted in the flow path for cooling. The temperature increase of the filter
unit air adds an air conditioner cooling load that reduces shelter cooling capacity,
increasing shelter temperature, thus dictating the requirement of a second air
conditioner for a particular shelter. Therefore, protective entrance flow from

the CBR filter unit should be provided by another flow path to facilitate entrance
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pressure control and to minimize the air conditioner cooling load added by the
filter unit. High entrance temperature should be tolerable for the relatively

short time the entrance will be occupied by entering or exiting personnel.
5.4 SHELTER SYSTEM ANALYSIS

5.4.1 GENERAL — Each of the six AN/TSQ-47 system shelters was analyzed
to determine hot day (TA = 125° F) temperatures and pressures with CBR pro-
tection components connected as shown in Figures 1 and 8, and with a booster
blower added as shown in Figure 8. The booster blower configuration was added
because a preliminary analysis indicated that, with system pressurization, shelter
pressure is too high for easy entrance to the shelter. The analysis described in
detail in the Appendix is based on shelter system performance characteristics
shown in Figures 5 through 7, Table VII, and on assumptions. Air conditioner
performance, pressure drop and cooling capacity versus recirculating airflow,

is shown in Figures 5 and 6. Ducting pressure loss characteristics are shown in
Figure 7. The electrical and personnel heat loss coefficients in each shelter are
shown in Table VII. Air conditioner leakage, shelter leakage, and shelter recir-
culating air pressure drop characteristics are assumed in Paragraphs 5.1.1 and
5.1.2 and the Appendix. These assumptions are based on engineering judgments

and considered to be within 10% of actual valves.

The general analytical procedure consisted of: (1) assume temperature,
pressure, and flow at one point in the recirculation system (T7, P7 WAC in
Figures 1 and 8); (2) calculate temperatures, pressures and flows around recir-
culation loop to and including starting point; (3) compare assumed and calculated
starting point values, reestimate original assumptions and repeat calculations
until assumed values equal calculated values. This iteration process was repeated
for each shelter with a booster blower pressure rise of 1, 2, 3, 4, and 4.5 in.
of water gage. Minimum pressure in the recirculation system was assumed

equal to 0.3 in. of water gage. Minimum recirculation system pressure was

assumed to be at the recirculation fan inlet - initially, and then shifted to the
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minimum pressure point based on the calculations. Since the calculation process
required a tedious iteration process, a Simple Numerical Analysis Program

(SNAP) for the IBM 1620 computer and the IBM 1620 computer was used to per-

form the calculations.

Analysis results are shown in Figures 9 through 17. Shelter system per-
formance with CBR component connected is shown in Figures 9 through 17 where
the booster blower pressure rise is zero. Performance of the Figure 8 system

is shown where the booster blower pressure rise is greater than zero.

5.4.2 BOOSTER BLOWER REQUIREMENTS — Recirculation system pressure
losses from the recirculating fan inlet to the shelter cause high shelter pressures
as shown at the zero booster blower pressure rise points in Figures 9 and 11.
Recirculation system pressure losses consist of air conditioner, ducting, and
shelter losses. Ducting losses can be reduced by Increasing the duct size or
paralleling additional sections of ducting. Air conditioner pressure losses can
be reduced only by modifying the unit. Shelter pressure losses which have been
assumed, also can be reduced only by modifying the shelter. Duct and shelter
losses are equal to approximately one half the total because the air conditioner
inlet pressure is approximately one half of the shelter pressure at zero booster
blower pressure rise, and shelter pressure minus the recirculating fan inlet
pressure is equal to the summation of the air conditioner, one 20-ft. section

of ducting and one half the shelter recirculating air pressure losses. Air con-
ditioner and shelter modifications to reduce pressure losses are not practical.
Therefore, a booster blower is required to reduce shelter pressures as shown

by Figures 9 and 11.

Figure 9 shows how pressures and recirculating airflows vary with the
pressure rise of a booster blower, installed as shown in Figure 8. As the
booster blower pressure rise is increased from zero to 4.5 in. of water, the
recirculating airflow will increase from approximately 76 1b. /min. to 110

lb. /min., the booster blower inlet pressure will decrease to where it becomes
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the minimum pressure in the recirculation system, and shelter pressure will
decrease from approximately 2. 25 to 0.8 in. of water gage. Air conditioner
cooling capacity will increase from approximately 31,430 to 35,300 BTU/hr.
with the 76 to 110 lb. /min. recirculating airflow increase as shown by Figure 6.
Without a booster blower, the minimum pressure in the recirculation system is
at the recirculating fan inlet and when this minimum pressure is maintained at
0,3 in. of water gage, the shelter pressure is more than 2 in. of water gage as
shown in Figure 9. A shelter pressure of 2 in. of water gage is excessive be-
cause door loads will make entering or exiting through the protective entrance
virtually impossible. A 2-in. water differential across a 3 by 6-ft. door imposes
a total load of over 180 lb. that must be overcome either in opening or closing
the door. Figure 9 shows that shelter pressure is minimum at a recirculating
flow of 103. 6 1b. /min. or a booster blower pressure rise from 3. 15 to 3.45 in.

of water, depending upon the shelter.

In Figure 10, the booster blower pressure rise of each shelter is plotted
versus the recirculating airflow in cubic feet per minute to allow selection of
a booster blower design point. A booster blower with flow-pressure rise charac-
teristics equal to or greater than the Figure 9 design point is required. To select
a booster blower that will maintain minimum shelter pressure in each of the six
shelters, the shelter with maximum booster blower pressure rise at the 103.6
Ib. /min. design point in Figure 9 is selected and the design point is plotted on
the appropriate Figure 10 curve. Typical blower performance curves are passed
through the design point and the operating point of each shelter will be where this
curve intersects the shelter curve. The selected design point is correct if the
flow at each shelter operating point is equal to or greater than 103. 6 1b. /min.
point in Figure 9. From the Figure 10 design point, a blower that will pass
1,535 cfm of air with a 0.0675 1b. /cu. ft. density through a pressure rise of
3.45 in. of water is required, and the blower performance curve with the least

slope at the design point will cause the least pressure rise change between shelters.
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Shelter pressures are plotted versus booster blower pressure rise in
Figure 11 to show more clearly the booster blower effect on system pressures.
This figure shows minimum shelter pressures where the booster blower inlet
pressure becomes the minimum pressure in the system. The air conditioner
inlet pressure curves are shown in this figure to indicate CBR filter unit pressure
rise requirements without a booster blower. As shown by Figure 1, without a
booster blower, the CBR filter unit air is introduced at the air conditioner inlet.
To maintain a minimum recirculating system pressure of 0.3 in. of water gage
at the recirculating fan inlet, Figure 11 shows that the CBR filter unit air must
be introduced at a pressure of from 1.1 to 1.2 in. of water gage. With a booster
blower connected as shown in Figure 8, CBR filter unit air can be introduced at
the booster blower inlet where the minimum recirculation system pressure is
0.3 in. of water when the booster blower pressure rise is at least 3.45 in. of

water.

Figures 9, 10 and 11 include curves for one air conditioner of the two-air-
conditioner shelters (AN/TSW-5 and AN/TSC-23 shelters). Actual flow through
the two-air-conditioner shelters is double that shown for one air conditioner.
The two-air-conditioner shelter analysis was made assuming that a booster

blower and E46R7 filter unit will be required for each air conditioner.

5.4.3 FILTER UNIT REQUIREMENTS — The E46R7 filter unit airflow to the

one- and two-air-conditioner shelter systems is shown in Figures 12 and 13 respec-
tively. Filter unit flows are the summation of air conditioner and shelter leakage
flows calculated from the assumed leakage characteristics. The Figure 13 flows
are for only one of the two filter units and are equal to leakage flow from one air
conditioner plus one half the shelter leakage. Figures 12 and 13 show that filter
unit flow decreases as the booster blower pressure rise increases until the booster
blower inlet pressure is equal to the minimum pressure in the recirculation system,
and then increases with booster blower pressure rise. The flow drop is due to
shelter leakage while the rapid increase above the minimum shelter pressure

point is due to air conditioner leakage. Circled points in Figures 12 and 13 show
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filter unit flow requirements where typical blower curves match shelter system

losses in Figure 10.

The Chemical Corps recommends a minimum personnel ventilation require-
ment of 10 cfm per person. From Table V, 30 ¢fm (10 cfm x 3 persons) is the
maximum personnel ventilation required for the shelter system filter unit flows
shown in Figure 12, and 45 cfm per filter unit (10 cfm x 9 persons = 90 cfm total)
is the maximum ventilation required for shelter system filter unit flows shown in
Figure 13. Figures 12 and 13 show that the filter unit airflows required to over-

come system leakages are well in excess of personnel fresh air requirements.

5.4.4 SHELTER TEMPERATURE — Figures 14 through 17 show shelter system
temperatures. Hot-day shelter temperature variation with booster blower pres-
sure rise is shown in Figure 14. This figure shows that the booster blower heat
load does not significantly increase shelter temperature until the booster blower
design point is reached. Typical booster blower performance points are shown

on these curves. The two air conditioner AN/TSC-23 shelter will have the highest
temperature on a 125°F day. Figure 15 shows the temperature of the recirculating
air entering the electrical equipment in each shelter. Figure 16 shows the temper-
ature of the recirculating air entering each air conditioner on a 125°F day. The
AN/TRN-17 shelter system is the only one with an air conditioner inlet temper-
ature in the thermostat control range of a 125° F day. Figure 17 shows how

ambient temperature affects the AN/TSC-23 shelter temperature.

5.4.5 FILTER UNIT AND ANTI-BACKDRAFT VALVE SELECTION — The
shelter system analysis results in Figures 9 through 17, show that a booster
blower is required to maintain reasonable shelter pressures (0.7 to 0.8 in HZO
gage), temperatures, and filter unit airflows. With the Figure 8 booster blower
installation, the filter unit can be located near the shelter and protective entrance
where short ducts can be used and the filter unit flow to the shelter system can be

introduced at the minimum pressure in the recirculation system.
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Figure 18 shows the airflow characteristics of the E46R6 filter unit fan.
Included are the characteristics of a fan that will increase the external pressure
rise of the filter unit approximately 2 in. of water at 300 cfm. Figure 19 shows
the airflow characteristics of the E46R6 filter unit, and includes the characteristic
with the modified fan. The cylindrical protective entrance proposed for the shelter
system requires a purge flow of 200 cfm, and should be pressurized to 0.6 in.
of water gage when the shelter is maintained at from 0.7 to 0.8 in. of water gage
(Figure 9 design point). Allowing 0.4 in. of water duct loss from the filter unit
to the protective entrance, then the E46R6 filter unit will deliver 284 c¢fm at 0.6 +
0.4 or 1.0 in. of water gage with the existing fan and 303 cfm at the same pressure
with the modified fan, as shown by Figure 19. This leaves either 84 or 103 cfm
avallable for the shelter system. Figures 12 and 13 show that 84 c¢fm is more
than enough flow for all but the AN/TRN-17 and AN/TPN-14 shelters, while 103
cfm will satisfy all shelter leakage flow requirements. Although E46R6 filter unit
performance with the modified fan is indicated, its requirement cannot be estab-
lished until final booster blower design characteristics and system leakage char-

acteristics are known.

Figure 12 and 13 airflows are based on assumed shelter and air conditioner
leakage characteristics considered to be within 10% of actual leakage. Tests
should be conducted to verify assumed leakage characteristics. If leakages are
less than shown in Figures 12 and 13, an anti-backdraft valve is required to
allow adjustment of leakage flows to the desired value. Theroretically, the anti-
backdraft valve is not required if normal system leakage is adequate. Actually,
the valve would be required just to allow adjustment for the variation of leakage
characteristics in identical shelters. The anti-backdraft valve must be sized to
pass from 0 to 100 cfm over a range of shelter pressures of 0.7 to 0.8 in. of
water gage. The E31 anti-backdraft valve as shown in Figure 20 has flow charac-
teristics similar to the desired requirement. However, the valve will have to be
modified to shift the counterweight adjustment from a 0.5 to 0.6 in. of water

gage pressure range toa 0.7 to 0.8 in. of water gage pressure range.
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SECTION 6 SELECTED CBR PROTECTION DESIGN

CBR protection components have been selected for the AN/TSQ-47 system
shelters based on the requirements for Category A CBR protection and a shelter
system pressure and temperature analysis. Performance requirements of some
components are based on assumptions that should be checked by test. The per-
formance requirements of these components may be changed by the test results,
so consideration was made for the possible performance change in selecting the
components. None of the selected components can be considered standard items
because modifications are required to adapt them to AN/TSQ-47 shelter systems.
CBR protection components selected for the AN/TSQ-47 shelter systems are:

a. One E46RT7 filter unit per air conditioner with two sections of 4-in.

nominal diameter flexible ducting per filter unit.
b. One short Q-38 protective entrance system per shelter entrance.

c. One booster blower unit per air conditioner and one section of 10-in.

nominal diameter insulated flexible ducting per booster blower unit.
d. One E31 anti-backdraft valve per shelter.

e. One shelter control panel per shelter, including electrical cable and

tubing to control CBR system.

Performance and test requirements, selected components and shelter system

modifications are described in the following paragraphs.
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6.1 PERFORMANCE REQUIREMENTS

AN/TSQ-47 shelter system performance with CBR protection components and the
performance requirements of the CBR protection components can be defined based
on the results of the shelter system analysis. Shelter system operation and per-
formance as well as the performance requirement of each component is described

in this section.

6.1.1 SHELTER SYSTEM OPERATION AND PERFORMANCE - A typical
AN/TSQ-47 shelter system should be set up as shown in the Figure 8 schematic.
A control panel (not shown in the figure) is located in the shelter and contains,

in addition to "off"' "on'" switches for the booster blower and filter unit, shelter
and protective entrance pressure gages and indicator lights. When the initial
installation is completed, the shelter recirculation system, booster blower unit,
and CBR filter unit are turned on. With the system on, it is inspected for exces-
sive leakage and, after leaks are sealed, the damper valves are adjusted to pro-
vide 0.3 in. of water static pressure at the inlet to the booster blower, and a
static pressure of from 0.1 to 0.2 in. of water less than shelter pressure (0.7
to 0.8 in. of water) in the protective entrance with a 200-cfm flow to the entrance.
The adequacy of the damper valve setting should be checked by observing the
shelter pressure drop, if any, when the shelter door is opened. If the drop is
greater than the static pressure set at the booster blower inlet (0.3 in. of water)
the static pressure at the booster blower inlet must be increased so that it will
not drop below outside ambient when the shelter door is opened. The shelter
pressure gage can be used to check the booster blower inlet pressure by con-
necting a section of plastic hose from the gage to the sensing port on the booster
blower. Airflow characteristic curves should be provided with the protective
entrance so that the ports and damper can be adjusted to provide 200 cfm to the
entrance without the use of flow measuring apparatus. The anti-backdraft valve
should be adjusted to maintain shelter pressure based on the valve performance

characteristics.
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After the initial installation test, the filter unit and booster blower can be
turned off and not used until CBR protection is required. Without the protection
system on, the shelter system will operate as described in Paragraph 5. 2. 1.

The recirculating air will bypass the non-operating booster blower via the swing
check valve, as shown in Figure 8. The booster blower can be energized without
the filter unit to increase the recirculating airflow and cooling or heating capacity

if shelter air conditioning is not adequate.

When the selected CBR protection system is turned on shelter system per-

formance should be as follows:
a. Recirculating airflow — 103 to 110 1b. /min.
b. Filter unit flow to shelter system — 56 to 99 cfm.
c. Filter unit flow to protective entrance — 200 cfm.

d. Minimum static pressure in recirculating system at booster blower

inlet — 0.3 to 0.5 in. HZO.

e. Shelter static pressure — 0.7 to 0.8 in. HZO'

f. Protective entrance pressure — 0.5 to 0.7 in. HZO'

Recirculating airflows and filter unit flows to shelter system are double the

preceeding values in the two air conditioner shelters.
6.1.2 COMPONENT PERFORMANCE REQUIREMENTS

6.1.2.1 CBR Filter Unit — This unit must deliver at least 300 cfm of filtered
air at a outlet static pressure of one inch of water when the damper valves are

wide open.

6.1.2.2 Booster Blower Unit — The booster blower unit must deliver 1,535 cfm
of 0.0675 1b. /cu. ft. density air at 3.45 in. of water static pressure rise from the
shelter outlet to the outlet duct. The selected booster blower must deliver the

required air at a static pressure rise of 3.45 in. of water, plus the added ducting

and unit loss or an estimated maximum of 5 in. of water.
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6.1.2.3 Anti-backdraft Valve — The anti-backdraft valve must be adjustable
so that it will pass flows of 30 to 100 cfm at static pressures of 0.5 to 1.0 in.

of water.
6.2 TEST REQUIREMENTS

6.2.1 PERFORMANCE REQUIREMENTS TESTS — Performance requirement
tests should be conducted if it is found necessary to verify the assumptions used
in the shelter system analysis. Specifically air conditioner leakage, shelter
leakage, and shelter recirculating air pressure loss tests are the tests that
should be conducted. The results of these tests may change component perfor-

mance requirements.

6.2.1.1 Air Conditioner Leakage — Determine air conditioner leakage airflow

versus recirculating fan inlet pressure as follows:

a. Block air conditioner inlet and outlet ports. Connect a 0-2 in. of water
full-scale static pressure gage or water manometer to pressure ports located so
that the static pressure at the inlet to the recirculating fan is measured. Connect
a low pressure air supply to the air conditioner at the CBR port through a flow
control valve and an airflow measuring apparatus, preferrably a calibrated flow-
meter with a 0 to 100 or 200 cfm flow range. Vary the static pressure at the
inlet to the recirculating fan from 0 to 1.0 in. of water gage in 0.2 in. of water
increments and record the flow required to maintain each static pressure. Check
for unnecessary leakage at the maximum static pressure, fix leaks if necessary,

and repeat test.

b. An alternate procedure is to connect one 20-ft. section of the 10-in. du
ducting to the air conditioner inlet and outlet, and operate the recirculating fan
while conducting the preceeding test. If leakage measured is greater than 40 cfm
at a recirculating fan inlet static pressure of 0.3 in. of water gage, leaks will

have to be located and modifications made to reduce leakage.
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6.2.1.2 Shelter Leakage — Determine leakage airflow from each shelter in
the AN/TSQ-47 system as follows:

a. Connect a low-pressure air supply to the shelter recirculating air inlet
through a flow control valve and calibrated flowmeter. Block all shelter outlets
that normally will not leak air. Connect a pressure gage or water manometer to
the shelter so that shelter static pressure is measured. Vary shelter static
pressure from 0 to 2 in. of water in 0.5-in. increments with flow control valve

and record flow at each pressure point.

b. If shelter leakage flow is greater than 25 cfm at one inch of water static

pressure, locate principal leaks and modify shelter as required to minimize leaks.

6.2.1.3 Shelter Pressure Drop — Determine the pressure drop from the shelter
recirculating air inlet to outlet versus recirculating airflow for each shelter as

follows:

a. Install static pressure taps at the shelter inlet and outlet ports, and
connect pressure gages or manometers to these taps. Connect a low-pressure
air supply to the shelter inlet port through a flow control valve and flow meter
and open the shelter outlet port. When testing shelters with one air conditioner,
vary the recirculating airflow from 50 to 120 1b. /min. in 10 or 20 1b. /min. in-
crements and at each incremental flow point record the inlet and outlet static
pressure. When testing shelters with two air conditioners, vary the airflow from
100 to 240 1b. /min. in 40 1b. /min. increments and record static pressures at

each increment.

b. If the static pressure drop is greater than one inch of water at 110
1b. /min. flow through the one-air-conditioner shelters or at 220 1b. /min. flow
through the two-air-conditioner shelters, additional testing will be required to
locate the shelter pressure losses and to reduce the pressure losses. If the
pressure drop is less than one inch of water at the same flows, booster blower

performance can be reduced.
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6.2.2 QUALIFICATION AND ACCEPTANCE TESTS — The qualification and
acceptance tests specified for the AN/TSQ-47 system will be performed on the
CBR protection components unless it can be shown that the components already
have passed similar or acceptable tests. Chemical Corps Procurement Descrip-
tions require only performance and shipping tests. Since each of the selected
CBR components will require some modification for the AN/TSQ-47 system,
complete qualification and acceptance tests must be performed. Performance
tests must include tests that ensure compliance with the requirements defined

in Paragraph 6. 1.

6.3 CBR PROTECTION COMPONENTS

Selected CBR protection components are described in the following paragraphs.
6.3.1 E46R7 CBR FILTER UNIT

6.3.1.1 Present Unit Description — Filter unit, gas-particulate, EMD, 300
cfm, E46R7, defined in Reference 6 is a collective protector for the removal of
toxic gases and aerosols from the atmosphere. The filter element uses two
banks, each containing one 150-cfm particulate filter and one 150-cfm gas filter.
The banks operate in parallel providing a total air flow of 300 cfm. The unit is
equipped with a prefilter and is covered with an aluminum skin for weather pro-
tection and appearance. The aluminum blower (Joy Vaneaxial Fan, Model No.
AVR55-45D0809) is powered by a 0.7 hp (0.7 x 0.746 = 0.52 kw) 416v, 3-phase,
400-cycle, ac motor; it is rated at 300 cfm at a static head of 8-in. of water gage.
The discharge is equipped with damper flow control valves that control the filtered
air output to each of the two separate filter air supply hoses. Approximate over-
all deminsions of the collective protector are 40 in. wide, 24 in. deep, and 16 in.

high. Over-all weight is estimated at 160 1b.

6.3.1.2 Filter Unit Modifications — Figure 19 shows that the present E46R7
filter unit blower will deliver from 289 to 286 cfm at delivery pressures from
0.5 to 0.8 in. of water gage, or approximately 10 to 15 cfm less than the require-

ment. Also it is predicted that the E46R7 filter unit, with modified blower, will
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deliver from 308 to 305 cfm at delivery pressures from 0.5 to 0.8 in. of water
gage, or approximately 8 cfm more than the requirement. Thus, Figure 19
shows that the modified blower is required for the E46R7 filter unit. The modi-
fied blower is required for the E46R7 filter unit. The modified blower is a Joy
Vaneaxial Fan, Model No. AVR62-47D1890, modified to deliver 300 cfm at a
static head of 10 in. of water gage with a 1-hp (0.746 kw), 120/208-volt, 3-phase,
400-cycle ac motor. This fan weighs 8.5 1b. Since this fan is slightly larger
than the present unit, the filter unit will have to be modified. There is adequate
space for the new fan but detailed filter unit drawings were not available to work

out the modification.

If shelter system leakage and pressure loss characteristics are found by
test to be less than assumed in this study, the filter unit flow requirement may
decrease to where the present blower is adequate. In this case, the present
blower motor will have to be changed from a 416 volt to 115/208v. 3-phase,

400-cycle motor.

It is recommended that the electrical circuit in the E46R7 unit be modified
to the circuit, described in Paragraph 6.3.5.1. A circuit breaker, fuses, man-
ual switch, and remote control receptacle will be added to the existing main power
receptacle and pressure switch by this modification. The modification is required
to allow the direct connection of power from a separate power distribution panel

and the addition of remote filter unit control.

6.3.1.3 Damper Control — Automatic damper control was considered for the
two outlets of the E46R7 filter unit and found to be too expensive for the slight
operational advantage. Automatic damper control has the primary advantage of
compensating for pressure losses that increase with operating time. A pressure
loss increase that would require a significant change in damper setting during an
operating time period is not anticipated because 48 hours is the longest predicted
continuous protection period and the filters are designed for the equivalent of
200 mass attacks. Automatic damper control components such as described in

Reference 3 are designed for 110-volt, 60-cycle ac operation.
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6.3.1.4 Flexible Ducting — Four-inch nominal diameter flexible ducting is
required to connect CBR filter unit air to the shelter recirculation system and

the protective entrance. Figures 21 through 28 show plan views of the AN/TSQ-47
shelter systems with the required CBR protection components. Components are
essentially to scale and the filter unit was located to minimize protective entrance
duct loss. With the filter units located as shown in these figures, 10 ft. of the
4-in. ducting is required to supply filter unit air to the protective entrance; 15 ft.
of the same ducting is required to supply flilter unit air at the booster blower in-
let of the shelter recirculation system. Ten feet of 4-in. flexible duct similar

to the 10-in. ducting was estimated to have a pressure drop of approximately

0.1 in, of water with 200 cfm of air flowing; thus, the filter unit location is not
critical with respect to protective entrance duct loss. However, the protective
entrance pressure {s the higher of the two pressures maintained by the filter

unit; therefore, this pressure will size the blower motor in the filter unit.

6.3.2 PROTECTIVE ENTRANCE SYSTEM — The Q38 or short protective
entrance system designed by Hughes Aircraft Co., Fullerton, California, for
the Missile Monitor System is recommended for AN/TSQ-47 system shelters.
The Q38 protective entrance was selected because it can be rapidly assembled
and disassembled, is less bulky and lighter than the rectangular protective en-
trance, and isthe latest design with a Chemical Corps Standard A classification.
As shown in Figure 3, the Q38 protective entrance is a dual cylindrical design
coupled tothe shelter entrance, and supported from a single point on top using
a cantilevered support attached to the shelter. The dual cylinder is a fabric
assembly constructed of neoprene-coated nylon fabric, cotton duck, and cotton
webbing. The fabric assembly can be folded into a shape approximately 24 x 14
x 11 in. and weighs approximately 25 lb. A coupling or transition piece per-
manently attached to the shelter around the entrance allows rapid zipper con-
nection between the protective entrance and shelter. The cantilevered support

includes a pulley for raising the protective entrance into position.



The dual-cylinder protective entrance design encloses an inner and outer
compartment. Doors consisting of crescent-shaped openings secured by a
zipper provide access to the shelter via the outer and inner compartments. The
compartments are purged with filter unit air delivered to the top of the inner
compartment. The filter unit air is evenly distributed across and down the inner
compartment by diffusionthrough a false ceiling of cotton poplin. Part of the
total purge flow enters the outer compartment via a port near the top of the
partition between compartments. Purge or scavenging air leakage ports are
provided around the periphery near the bottom of both compartments. Each port
is adjustable and covered with gusseted flaps on tne outside to protect against
backdrafts. An opening also is provided in the side of the inner compartment
for ejecting contaminated clothing. Protective entrance pressure is regulated
by adjusting these ports. For adequate purging, the Q38 entrance requires 200
cfm of filter unit air and has been operated with static pressures as high as 3 in.

of water gage without damage.

An early assembly of the protective entrance was installed by one person in
six minutes. With the door frame coupling and cantilever support beam installed
on the shelter as they would be when the system is deployed on site. the install-
ation procedure consists of: (1) installing spreader bars in the fabric assembly.
(2) hoisting and securing the fabric assembly to the support beam, (3) connecting
the fabric assembly to the coupling, and (4) attaching the supply air duct. Tie-

down stakes also are provided to hold the entrance in place under wind conditions.

Some shelter and/or protective entrance modifications will be required to
attach the door frame coupling and the cantilever connector. Detailed modifications
cannot be made because final shelter drawings are not available. However, modi-
fication problems and their solution can be described and suggested. The present
door frame coupling consists of a 48 by 71 in. frame of aluminum angle, rubber
gasketing, a zippered cloth flange, and CAMLOC fasteners to attach coupling to
shelter. The coupling can be folded to a 75 x 18 x 3 in. space. CAMLOC
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receptacles must be located around the door of each shelter approximately 7 in.
apart on a 46.5 by 69.50 in. rectangle to mate with the coupling. Final shelter
drawings are not available to determine whether or not there are holes or con-
nections in the shelters that are located so as to interfere with the coupling
installation. Figures 21 through 28, which show a plan view of the protective
entrance attached to each shelter, indicate some of the coupling problems. Two
possible arrangements are shown for the TSW-5 and TSC-23 shelters. It is
assumed that only one of the two doors in the TSW-5 shelter will require a pro-
tective entrance. Figures 21, 25, 26, and 27 show that a coupling adapter is
required for the TPS-35, TSW-6, and TSC-23 shelters. Figure 29 shows four
possible commercial panel fasteners that could be utilized with the coupling
adapters proposed in Figures 30 through 32. Figures 33 through 35 show several
possible methods of installing the CAMLOC receptacle in the wall of the shelters
not requiring an adapter. An airtight coupling and/or adapter is required for

each shelter.

The cantilever design depends upon the method of shelter attachment, and
the shelter attachment method depends upon the load-carrying capability of the
shelter roof. As with the coupling, a cantilever and its method of shelter attach-
ment cannot be designed because final shelter drawings are not available. How-

ever two possible designs are shown in Figures 36 and 37.

The Q38 protective entrance weighs 54 1b. without the support beam and
occupies approximately 10 cu. ft. folded up. One support beam design weighs
25 1b.

6.3.3 BOOSTER BLOWER UNIT — The booster blower unit shown in Figure 38
has been designed to deliver 1,535 cfm of 0.0675 lb. /cu. ft. density air at a
3.45 in. of water static pressure. As shown by the Figure 8 schematic, the
required pressure rise is from the shelter outlet to the outlet duct which includes
the pressure loss of the duct added to connect the shelter outlet to the unit.

Blowers capable of delivering approximately 1, 500 c¢fm of 0. 0675 density air at
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Figure 21. TPS-35 Shelter System Plan
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Figure 24. TSW-5 Shelter System Plan B
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59



PROTECTIVE ENTRANCE
4-IN, FLEX. DUCT SENSING LINE

REMOTE CONTROL
ANTI-BACKDRAFT VALVE

BOOSTER BLOWER UNIT POWER CABLE
10-IN, FLEX, DUCT \ FILTER UNIT
15 FT, / 1 /
.‘

m FT, C-J :
20 FT.
i 2
¥ B
AIR CONOITIONER
T :l
20 FT,
PROTECTIVE
CONTROL PANEL ENTRANCE
SHELTER COUPLING ASSEMBLY
(TsC-23) (37IN. x 70IN.)
Figure 26. TSC-23 Shelter System Plan A
REMOTE CONTROL
POWER CABLES ANTI-BACKORAFT
4-IN, FLEX, DUCT VALVE
PROTECTIVE
FILTER UNIT ot bl FILTER UNIT
SENSING LINE
10-IN FLEX, DUCT - N
P \ 1
[ o 10 FT. g |
AL f .
10 F1. f e 10 FT \
20FT.\ \ — il s
:
20 FT, — [/
y
PROTECTIVE
ENTRANCE
AIR
CONDITIONER SHELTER CONTROL COUPLING ASSEMBLY
BOOSTER BLOWER UNIT (15C-23) PANEL (361N, x 7D IN.)

Figure 27. TSC-23 Shelter System Plan B

60



PRDTECTIVE ENTRANCE
SENSING LINE

REMDTE CONTROL ANTI-BACKDRAFT VALVE

PDWER CABLE
FILTER UNIT
4-IN, FLEX, DUCT

BODSTER BLOWER UNIT

10-IN, FLEX, DUCT

AIR CONDITIONER \

CONTROL PANEL SHELTER PROTECTIVE
(TRN17) ENTRANCE

Figure 28. TRN-17 Shelter System Plan

a static pressure of 5 in. water were investigated. The static pressure require-
ment was Iincreased to compensate for losses in the unit and added ducting.
Figure 39 shows the airflow characteristics of the three blowers considered for
the booster blower unit, The typical blower curves shown in Figure 10 are the
Figure 39 curves minus losses adjusted to give design point performance. The
Dynamic Air Vaneaxial Fan Curve No. Y9201-5 is selected because, as shown by
Figure 10, it will cause the smallest pressure rise change between shelters.

The dynamic air fan contains a 1.9-kw, 200v, 400-cycle, 3-phase fan motor.

As shown by Figure 38, the booster blower unit is a 14.6 by 23.5 by 32.9
in. aluminum box that contains the axial fan, a swing check bypass valve, a
fresh air inlet and valve, two 10-in. inlet ports with covers, one 10-in. outlet
port with cover, and a 4-in. CBR filter air inlet port with cover and an electrical
control panel. The booster blower unit weighting an estimated 46 1b. was de-

signed to be used as follows:
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a. Set booster blower unit on ground in line with shelter outlet port so that
a 6-ft. section of 10-in. nominal diameter insulated flexible ducting can be con-
nected to either the top or end inlet depending upon the location of the shelter
outlet port. Connect outlet duct, CBR filter unit duct, and electrical power

cables to unit.

b. When CBR protection is not required and the shelter recirculation
system is on, with the booster blower off, the recirculating air will bypass the
booster blower via the swing check valve and the fresh air valve can be opened
as shown in Figure 40. When CBR protection is required, the booster blower is
turned on along with the CBR filter unit and the fresh air valve is closed. The
pressure rise across the booster blower will close the swing check valve so that
all recirculating air will pass through the booster blower as shown in Figure 41.
CBR filter unit air is introduced at the booster blower inlet at a 0.3 in. of water

gage static pressure.

Figures 21 through 28 show the booster blower unit outline in each shelter
system. These figures show that a 6-ft. section of 10-in. flexible ducting is the
longest section required to connect the booster blower unit to the shelters. Al-
though 3-ft. sections can be used for three of the six shelters, six sections are
recommended for all shelters to provide common parts for the whole system.
Also, as shown by these figures, one of the 20~-ft. sections of 10-in. duct now

required for the system can be replaced with a 10-ft. section.

Booster blower performance requirements are hased on an assumed shelter
recirculating air pressure-loss characteristic. Although the assumption is
considered to be within 10% of actual, the booster blower unit is sized to accept

a range of blowers. Test should be conducted to verify the assumption.
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